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Code Snippet 1. 1: Machine Arithmetic Example

#include <iostream>

using namespace std;

1. Com,,gu,ﬁw; witl,  veclors L maifneces

double a = 1.0;

1.4. Numentcs & Error AMO-%?l'S

double b = a/9.0;

if (a==b%9.0) cout << "They are equal";

else cout << "They are not equal™;
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Code Snippet 1. 2: Machine Arithmetic Example ?mf O ' B : ' wor
#include <limits>
#include <iostream> v,,;/& 'Luukfgr_g
using namespace std; .
& —

ath = (@ A0~ +b-40%). 4O
double a = 1.0; /
double b = a/9.0;
if (fabs(a-b*9.0)<numeric_limits <double >::epsilon) CO . . .
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cout << "They are equal'; /r /

else cout << "They are not equal'; ! . -
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Remark. Machine numbers are not evenly spaced!

Gaps are bigger for large number:
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& exponent range | €min, - - - » €max f» €min,s €max € Z. and €min < €max spacing Bmn 7 spacing Brmn—n+1 = ———
Gap partly filled with non-normalized numbers

e number m € IN of digits (for mantissa)

the corresponding set of machine numbers is: Qemjg . p M x ML > pg
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Definition 1.1.4 (Correct rounding). Correct rounding (“rounding up”) is given

Maximal  velohve error 00[ 00 ol

by the function
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Definition 1.1.2 (Absolute and relative error). Let X € K be an approximation

mw&me ,ﬂ'QC/cthu.

of x € K. Then its absolute error is given by

~

Assumption 1.1.1 (“Axiom” of roundoff analysis). There is a small positive number EPS,
the machine precision, such that, for the elementary arithmetic operations x € {+,—,-,/}

€abs := |X — X|, and “hard-wired” functions * f € {exp, sin, cos, log, ...}, the following holds
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Code Snippet 1. 9: Initializing special matrices in EIGEN

Maknx Xef
P ot

ffinclude <Eigen/Dense >

Eigen :: MatrixXd A(rows , cols);

// Zero matrix. Similar to matlab command zeros(rows, cols);

':‘”(7”01444‘6 %3 ruedyx

Eigen :: MatrixXXd B = MatrixXd :: Zero(rows, cols);

e R . . . . / 1
77 Ones matrix.— Similar to matlab command ones(rows,; cols};

Eigen :: MatrixXXd C = MatrixXd :: Ones (rows, cols);

// Matrix with all entries same as value.

Eigen :: MatrixXXd D = MatrixXd :: Constant(rows, cols, value);

r 1

// Random matrix, entries uniformly distributed in [U, ]

// (Generalized) identity matrix, 1 on main diagonal

Eigen :: MatrixXXd I = MatrixXd :: Identity(rows, cols);

std::cout << "size of A = (" << A.rows() << 7,7 << A.cols()
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4.2 2. Douse Matyx 540,?@_ Formals

// Template parameter ColMajor selects column major data layout

Matrix<double , Dynamic, Dynamic, ColMajor> man(nrows, ncols) ;

hw
— . a 9 nl=r

// Template parameter RowMajor selects row major data layout

Matrix<double , Dynamic, Dynamic, RowMajor> mm(nrows, ncols) ;

( 1 9 3\ Row major (C-arrays, bitmaps, Python):

‘Dodn ﬁaf‘n%e /bm:a/ 1‘/r3;¢ac/s rusnhme

Alarr (12|34 |5]6|7]8]9
A=1456 : Exomplh © 1o | column @ccess ol e pakix
1l Column major (Fortran, MaTLAB, EIGEN): / A ‘ /
\ / Aarr |[1[4(7|2[5(8[3]6]9 [ doed éqﬂ,z%:o(-
|
51 i Req— Aimg— &S

Y/ 10 -~
/ //zco.u/‘g TN —

motnx  e/z2e jucreale

-S f%f/tltﬁ a lut L;)
(1ZLC1CII§L§JJQ%% C ) >/

vaiva a./\

4. 4. @m/u;@éoom@/ -%éb/f

N\

com ¢ r o

Olfl(? /O/h'Oqu e Qe




LW&{ 9"’ M@.AOM .

Comlpu//a,é'g,,,_a/@ e//jo/f AL rumhm@

. :ZCM) :9’&§(J/L)) /. 4 N — R
1.k 4 . /’Si/vyéaL/r‘L_COL@@wA U / r
( 74
of  FfC=0 N, eN st

Haw 0&6 S ‘é&-e_ (J)m,/u/_/ﬂ,é'ﬁwaj eﬁ/pfv‘ cSca@ ¢

/! - % =, - f[n)é C glan)
w;'& &ée @Qé{@m §) 20 I4 0 d
—> companiou oé%ﬁﬂ@' ¢ 2 Hpr /&2&%&“(‘6 A he complr) reelic vico. Oﬂﬁ

Definition 1.5.1 ((Asymptotic) complexity). The asymptotic complexity of an
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algorithm characterises the worst-case dependence of its computational effort

~on one or more problem size parameter(s) when these tend to co. G . cost Cn) = O-(n 2/)
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